METHODS

Videotape Programs Evaluated
The method used to evaluate the effectiveness of preclinical training was to determine the difference in the performance of two groups of residents (experimental and control subjects). One group had seen and the other group had not seen five videotape programs in bronchoscopic anatomy and pathology. The five videotape programs used in this evaluation were (1) bronchoscopic checkpoints, (2) endoscopic examination of the upper airway using the flexible bronchoscope, (3) bronchoscopic features of acute inflammation, (4) bronchoscopic features of chronic inflammation, and (5) bronchoscopic features of carcinoma.
Content
The content of each program and distribution sources follow.
Bronchoscopic Checkpoints
This demonstrates a systematic method for a flexible bronchoscopic examination and describes the endoscopic anatomy of the 18 bronchopulmonary segments. It also describes eight anatomic checkpoints that can be used to maintain constant orientation or rapid reorientation when required (length, 19 min; 1981).
Endoscopic Examination of the Upper Airway Using the Flexible Bronchoscope
This demonstrates a method for a systematic examination of the upper airway using a flexible bronchoscope to visualize as many as 49 anatomic structures in ruling out the presence of carcinoma. The use of a visual checkpoint in each of seven anatomic areas is described to assist the physician in endoscopic orientation and localization of lesions (length, 11 min; 1981).
Bronchoscopic Features of Acute Inflammation
Presented are 22 selected bronchoscopic sequences that illustrate the four endoscopic features associated with acute inflammation, including purulent exudate, erythema, edema and intermittent longitudinal ridges. Indications for a biopsy to differentiate benign acute inflammatory lesions that mimic carcinoma are described (length, 16 min; 1978) .
Bronchoscopic Features of Chronic Inflammation
Twenty selected bronchoscopic sequences that illustrate the four bronchoscopic features associated with chronic inflammation, including mucus, longitudinal light bands, transverse mucosal ridges and dilated ducts of mucous glands are presented. Changes in these endoscopic features that indicate the need for biopsy to rule out carcinoma are described (length, 15 min; 1980).
Bronchoscopic Features of Carcinoma
This videotape presents 44 selected bronchoscopic sequences that illustrate 18 pathologic features that may be associated with intraluminal, bronchial wall or extrabronchial carcinoma. A method for classifying these features is suggested. The indications for biopsy to establish a precise diagnosis are emphasized (length, 30 min; 1981).
Distribution Sources
Videotape programs in this report (and additional programs in endoscopy) are available by purchase from (1) 
Bronchoscopic Training Sites
Training sites were recruited in numbers sufficient to access a sample of 60 or more trainees. Eleven bronchoscopy training sites at various medical centers throughout the United States were selected where the physician-supervisors had agreed to evaluate the effectiveness of their endoscopy training with and without the use of preclinical videotape training programs. 
Statistical Design
The physician-supervisor at each training site supplied us with a list of trainees, and copies were sent to the statistical center (Research Assistance Corporation in Gainesville, FL). Using random numbers, the statistical center assigned trainees to the two groups (experimental and control) with balancing (equal allocation) within each cooperative medical center. Each list was returned to the physiciansupervisor's secretary (or "designate"), who was responsible to show the videotapes to the trainees in the experimental group.
A physician at each bronchoscopy training site was designated as the physician-evaluator and was given the responsibility for the residents subjective evaluation. Upon signing the trainee consent form, each resident had agreed not to reveal his or her assignment to the physician-evaluator so he was blinded as to which group the trainee was randomized. This masking was important in that the physician-evaluator must train all residents in the same manner and then must make subjective performance evaluations. Hence, we tried to avoid unconscious bias.
Performance Evaluation
The subjective evaluation utilized 26 MCRs to evaluate the competency of each resident at the selected N-point using a rating scale for each requirement. These requirements are listed here (asterisks indicate competency requirements related to endoscopic programs in anatomy and pathology). MCRs were selected to measure the overall quality of the clinical performance of each resident in bronchoscopy. The quality of the bronchoscopic examination considered the resident's demonstration of constant anatomic orientation and his or her discrimination between features of acute or chronic inflammation and the subtle changes that might suggest early carcinoma.
A VDT was used to evaluate the resident's visual identification and discrimination performance. This test utilized six videotape sequences of endoscopic examinations in patients with suspected cancer to test the resident's recognition of upper and lower airway anatomy and his or her ability to identify a variety of endoscopic pathologic lesions (Table 1) .
In a Visual Test Booklet, each resident recorded his or her name, subspecialty, training institution, number of prior bronchoscopic experiences, a list of videotape programs that he or she had reviewed and the time the visual test began and ended. Instructions were given to tear out three pages containing abbreviations and terminology for anatomy and pathology and place them in a convenient location for quick reference. These pages were provided for the purpose of increasing the uniformity of the test responses. Each resident was then requested to view each of six bronchoscopic sequences and list all anatomic structures or divisions that were observed. Each sequence was then shown on a second occasion and the resident was requested to list all features of endoscopic pathology. The resident was encouraged to view each sequence as many times as he wished. The answer sheets were returned to the authors for scoring purposes.
Data Management
The principal investigator submitted duplicate copies of all data sheets to the statistical center (Research Assistance Corp) for coding, key to disk, and verification.
For the subjective evaluation by the physician-evaluator, the subjects score was taken as the average per question among questions evaluated. Zeroes were excluded from both the numerator and denominator. In grading the responses to the objective visual test, the answers recorded by each resident were scored by comparing responses to a master list of acceptable (or correct) answers. Credit was provided only for the number of answers that were included in this master list.
The null hypothesis of no training effect was tested against the alternate hypothesis of a significant training effect, using two dependent variables: (1) qualitative scores by the physician-evaluator based on MCRs at the end of ten bronchoscopic examinations and (2) quantitative score from the VDT. A two-way nonparametric analysis of variance as delineated by Hodges and Lehmann, 1 adjusted for institutional effects, formed the basis of the statistical inferences.
RESULTS
Out of 78 residents who cooperated in this study, 65 were randomized into two groups (experimental and control), and their responses were tabulated for this report. The specialty listed by each of these 65 residents included: three in anesthesiology, 14 in pulmonary medicine, 30 in general surgery, four in head and neck surgery, one in surgical oncology, nine in otolaryngology, and four in thoracic surgery. The 13 nonrandomized residents were from two institutions who refused randomization but wanted to take part.
When the average scores per question for all 26 subjective evaluations were compared for each resident group, no significant difference was noted between residents in the control and experimental groups. As noted in Table 2 , the experimental group averaged + 5 percent, with a p value of 0.19. However, when the six MCRs that were related only to endoscopic anatomy and pathology were compared, the experimental group of residents had significantly higher scores than the control group at the same institution. Scores in anatomy were + 8 percent, and in pathology they were +13 percent, with a p value of 0.06 and 0.02, respectively. Therefore, there was a significant advantage of the videotape programs on these specific components as judged by the physicians subjective evaluations. Note that nine randomized residents did not complete the subjective evaluations (N = 56 in Table 2 ).
In the VDT, the number of correct answers recorded by the experimental group of residents was significantly greater than those recorded by the control group. Scores in anatomy were +12 percent, and in •Number given is the estimate of the difference in mean response between an experimental subject and a control subject at the same institution. In parentheses is the percentage of the mean score of all subjects to show the relative improvement due to training. For example, the mean score on subjective pathology using a fivepoint system was 3.7 (0.5/3.7= 13%). 
